Phycoerythrocyanin by Zhao, K. H. et al.
FRONTIERS OF 
PHOTOBIOLOGY 
Proceedings of the 1 Ith International Congress on 
Photobiology, Kyoto, Japan, 7-12 September 1992 
E d i t o r s : 
AKIHIRO SHIMA 
University of Tokyo, Laboratory of Radiation Biology, 
Tokyo, Japan 
Kobe University, Department of Radiation Biophysics and Genetics, 
Kobe, Japan 
HIRAKU TAKEBE 
Kyoto University, Department of Experimental Radiology, 
Kyoto, Japan 
EXCERPTA MEDICA 
AMSTERDAM - LONDON - NEW YORK - TOKYO 
% 
MASAMITSU ICH^HASHI 
Kobe University, Department of Dermatology, 
Kobe, Japan 
YOSHISADA FUJIWARA 
© 1993 Elsevier Science Publishers B.V. All rights reserved. 
No part of this publication may be reproduced, stored in a retrieval System or transmitted in any form or 
by any means, electronic, mechanical, photocopying, recording or otherwise without the prior written 
permission of the publisher, Elsevier Science Publishers B.V., Permissions Department, P.O. Box 521, 1000 
A M Amsterdam, The Netherlands. 
No responsibility is assumed by the Publisher for any injury and/or damage to persons or property as a 
matter of products liability, negligence or otherwise, or from any use or Operation of any methods, 
products, instructions or ideas contained in the material herein. Because of rapid advances in the medical 
sciences, the Publisher recommends that independent verification of diagnoses and drug dosages should be 
made. 
Special regulations for readers in the USA - This publication has been registered with the Copyright 
Clearance Center Inc. (CCC), 27 Congress Street, Salem, M A 01970, USA. Information can be obtained 
from the C C C about conditions under which photocopies of parts of this publication may be made in the 
USA. All other Copyright questions, including photocopying outside the USA, should be referred to the 
Copyright owner, Elsevier Science Publishers B.V., unless otherwise specified. 
International Congress Series No. 1021 
ISBN 0 444 89721 6 
T h i s book is printed on acid-free paper. 
Published by: 
Elsevier Science Publishers B.V. 
P.O. Box 211 
1000 A E Amsterdam 
The Netherlands 
L i b r a r y o f Congress C a t a l o g i n g in P u b l i c a t i o n D a t a 
I n t e r n a t i o n a l Congress on Photoblology (11th : 1992 : Kyoto, Japan) 
F r o n t i e r s of photobiology : proceedings of the 11th I n t e r n a t i o n a l 
Congress on Photoblology, the 111h I n t e r n a t i o n a l Congress on ,. 
Photobiology, Kyoto, Japan, 7-11 September 1992 / e d i t o r s , A k i h i r o 
Shlma ... [et a l . 1. 
p. cm. — ( I n t e r n a t i o n a l congress s e r i e s ; no. 1021) 
"EM 1992." 
Inc ludes Index. 
ISBN 0-444-89721-6 ( a l k . paper) 
1. Photob1ochemistry—Congresses. 2. P h o t o b i o l o g y — C o n g r e s s e s . 
I. Shlma, A k i h i r o , 1941- . I I . T i t l e . I I I . S e r i e s . 
[DNLM: 1. Ch r o n o b i o l o g y — c o n g r e s s e s . 2. Photochem 1 s t r y -
-congresses. 3. P h o t o r e c e p t o r s — p h y s i o l o g y — c o n g r e s s e s . 
4. Photosens 111vity D i s o r d e r s — c o n g r e s s e s . 5. Phototherapy-
-congresses. 6. R e t i n a l P i g m e n t s — p h y s i o l o g y — c o n g r e s s e s . W3 EX89 
no.1021 1992 / QH 515 161 1992fl 
QP517.P45I58 1992 
574.19' 15—dc20 
DNLM/DLC 
for L i b r a r y of Congress 92-48400 
CIP 
pp. 345-346, 421-424, 425-427: Copyright not transferred. 
Department Biologie I 
der Universität München 
Bereich BOTANIK 
Printed in The Netherlands 
V 
Sponsore«! by: 
Science Council of Japan 
Photobiology Association of Japan 
Supported by: 
The Commemorative Association for the Japan World Exposition (1970) 
Japanese Dermatological Association 
Japanese Society for Investigative Dermatology 
xiii 
CONTENTS 
CONGRESS LECTURE: Japan as a theatre State 
T. Yano xxiii 
PHOTOSYNTHESIS 
Molecular Organization of the photochemical apparatus of oxygenic 
photosynthesis 
K . Satoh 3 
Photosystem I can control photosystem II in leaves 
U. H e b e r , E . K a t o n a , G Schönknecht a n d K . A s a d a 13 
Fucoxanthin-chlorophyll q/c protein in brown algae: Their molecular 
assembly and energy transfer 
T. K a t o h 21 
Location and relaxation paths of the carotenoid S l State and its role in 
energy transfer 
T. G i l l b r o , R - O . A n d e r s s o n , R.S.H. L i u , A . E . A s a t o a n d R.J. C o g d e l l 25 
Phycoerythrocyanin: A photoreceptor pigment with two faces 
K . - H . Z h a o , Q. H o n g , S. Siebzehnrübl a n d H . Scheer 31 
Blue-light regulation of Cab gene expression in the apical buds of peas 
and the cotyledons of Arabidopsis 
ES. K a u f m a n , J . G a o , K . B h a t t a c h a r y a , J . T i l g h m a n , J . M a r s h , 
K . A . M a r r s a n d K . M . E Warpeha 37 
Molecular-genetic analysis of Mg-tetrapyrrole biosynthesis in bacteria 
and algae 
G E . B a u e r , D . B o l l i v a r , J . D o b r o w o l s k i a n d J . Suzuki 41 
Phosphoenolpyruvate carboxylase for C4 photosynthesis in maize 
K . I z u i , S. Y a n a g i s a w a , A . M o r i s h i m a a n d N . O g a w a 43 
PHOTOPHYSICS, PHOTOCHEMISTRY AND PHOTOBIOCHEMISTRY 
Photochemistry of nucleic acids 
Photooxidation reactions of nucleic acids 
J . Cadet, M . B e r g e r , G. B u c h k o , J . - L . R a v a n a t a n d K K a s a i 49 
Photoinduced reactions of organic and inorganic Substrates with D N A 
H . M o r r i s o n , W.M. B a i r d , S. F a r r o w , T. M o h a m m a d a n d L . Paredes 55 
xiv 
Photofootprinting of D N A 
P . E . N i e l s e n 
Chemical aspects of DNA-protein cross-linking by U V light 
M . D . S h e t l a r 
Photochemistry of 5-halouracil-containing D N A 
H . S u g i y a m a , Y Tsutsumi, E . Y a m a g u c h i a n d I . S a i t o 
Furocoumarines 
The Solution structures of psoralen cross-linked and monoadducted 
D N A oligomers by N M R spectroscopy and restrained molecular 
dynamics 
H . P S p i e l m a n n , TJ. D w y e r , J . E . H e a r s t a n d D . E . Wemmer 
C 4-cycloaddition reactions between furocoumarins and unsaturated 
fatty acids or lecithins 
S. Caffieri, Z. Z a r e b s k a a n d F. D a l V A c q u a 
Photochemistry of furocoumarins 
Sang C h u l Shim a n d M i H o n g Yun 
Psoralen photochemotherapy and its action mechanisms 
K . D a n n o 
A n animal model and new photosensitizers for extracorporeal 
photochemotherapy 
H . P . v a n I p e r e n a n d G . M . J . B e i j e r s b e r g e n v a n H e n e g o u w e n 
Synchrotron-radiation photobiology 
Structural analysis of antigenic Variation in B o r r e l i a b u r g d o r f e r i using 
ultraviolet Synchrotron radiation 
E L . F r a n c e , B . M c G r a t h , J . J . D u n n , B . J . L u f t , J . K i e l e c z a w a , 
G. H i n d a n d J . C. S u t h e r l a n d 
D N A damage induced by monochromatic vacuum-UV radiation in 
solids 
K . H i e d a 
Rhodopsins and light receptor molecules 
25 years of bacterial rhodopsins 
W. Stoeckenius 
Structure changes of bacteriorhodopsin in the L - to -M and M - t o - N 
conversions 
A . M a e d a 
XV 
Ring demethylated 6-s locked methano-bacteriorhodopsins 
M . Groesbeek a n d J . L u g t e n b u r g 139 
Photochemistry and functions of bilirubin 
A . E M c D o n a g h 145 
Hydrophobie interaction between retinal analogues and 
aporetinochrome in the pigment formation 
K . T s u j i m o t o , K . I i d a , M . M i y a z a k i , T. K i n u m i , Y. S h i r a s a k a , 
M . O h a s h i , M . Sheves, R. H a r a , T. H a r a a n d K . O z a k i 147 
Structure and funetion of the eiliate photoreeeptors 
P i l l - S o o n Song 153 
Visual pigments and transduetion 
Vision in photobiology 
T. Y o s h i z a w a 159 
1 9 F - N M R studies of fluorinated visual pigment analogs 
R.S.H. L i u , L . U. C o l m e n a r e s a n d W. N i e m c z u r a 171 
Excited State dynamics of retinal proteins by F T O A method 
T. K a k i t a n i , Y H a t a n o , Y S h i c h i d a , Y I m a m o t o , E T o k u n a g a a n d 
H . K a k i t a n i 173 
Primary processes in rhodopsin and iodopsin 
Y S h i c h i d a 179 
N-terminal heterogeneous aeylation of phototransduetion proteins 
J . B . H u r l e y , T . A . N e u b e r t , A . M . D i z h o o r , C h i n g - K a n g C h e n , 
E . O l s h e v s k a y a , R.S. Johnson a n d K . A . Walsh 183 
Regulation of signal coupling proteins in octopus photoreeeptors 
M . T s u d a , T. I w a s a , M . N a k a g a w a , S. K i k k a w a a n d T. Tsuda 189 
Roles of lipids linked to a- and 7-subunits of photoreeeptor G protein 
Y F u k a d a 195 
Role of rhodopsin kinase and arrestin in the quenching of 
phototransduetion 
K . P a l c z e w s k i 201 
Ultrafast reaction by laser light and spectroscopy 
Recombination dynamics of photodissociated C O of myoglobin and its 
E7 mutants studied by time-resolved resonance Raman spectroscopy 
T. K i t a g a w a , Y Sakan, T. O g u r a , E A . F r a u n f e l t e r , R. M a t t e r a a n d 
M . I k e d a - S a i t o 205 
Femtosecond spectroscopy of the primary electron transfer in 
photosynthetic reaction centers 
C. L a u t e r w a s s e r , U. F i n k e l e , A . S t r u c k , H . Scheer a n d W. Z i n t h 209 
xvi 
DNA-protein interaction imagery using high-intensity lasers 
D . A n g e l o v a n d I . Pashev 215 
Recent solid State NMR studies of bacteriorhodopsin 
J . Herzfeld, M . A u g e r , M . R . F a r r a r , K . V. L a k s h m i , A . E . M c D e r m o t t , 
J . R a a p , L . K . T h o m p s o n , C . M . v a n der W i e l e n , J . L u g t e n b u r g a n d 
R . G . Griffin 221 
Femtosecond studies of primary photoprocesses in octopus rhodopsin 
T. K o b a y a s h i , M . Taiji, K . B r y l , M . N a k a g a w a a n d M . Tsuda 227 
Structure and dynamics of the Charge separated State P + Q~ of 
photosynthetic reaction centres from transient EPR spectroscopy 
D . S t e h l i k , I . Sieckmann a n d A . v a n der Est 233 
Bio- and chemi-luminescence 
Bioluminescence of the Ca2+-binding photoprotein aequorin 
E I . Tsuji, S. I n o u y e , Y. O h m i y a a n d M . O h a s h i 239 
Recent advances of chemiluminescent and bioluminescent enzyme 
immunoassay 
A . Tsuji, M . M a e d a , H . A r a k a w a , K I t o h , M . K i t a m u r a a n d 
N . M u r a k a m i 243 
The role of Superoxide anion in bioluminescence 
O. S h i m o m u r a 249 
PHOTOBIOLOGY AND PHOTOIMMUNOLOGY 
Chronobiology 
A circadian pacemaker in the suprachiasmatic nucleus and its 
interaction with light 
S.-I.T. I n o u y e , K . S h i n o h a r a , K T o m i n a g a , Y O t o r i , C. F u k u h a r a a n d 
J . Yang 257 
Circadian Organization in birds: Different pacemakers for feeding and 
locomotor activity rhythms? 
S. E b i h a r a a n d E . G w i n n e r 263 
Circadian photoreception in reptiles and mammals 
R . G F o s t e r , S. A r g a m a s o , W.J. D e G r i p , J . M . G a r c i a - F e r n a n d e z a n d 
I . P r o v e n c i o 267 
XVII 
Molecular approaches to plant development 
Phytochrome-mediated light signal transduction in plants: 
Structure function and possible involvement of G-proteins 
P i l l - S o o n Song 273 
Genetic engineering of phytochrome molecules 
M . F u r u y a 279 
Control of gene expression by light, nitrate and a plastidic factor 
H . M o h r , A . N e i n i n g e r a n d B . Seith 283 
Molecular genetic approaches to plant photomorphogenesis 
A . Pepper, T. D e l a n e y , P N a g p a l , J . Reed, D . P o o l e , M . F u r u y a a n d 
J . C h o r y 285 
Cytoskeletal rearrangement during photomorphogenesis of fern 
protonemata 
M . Wada 291 
DNA damage, repair and UV mutagenesis 
Analysis of D N A excision repair genes in X P 
K . T a n a k a 293 
D N A repair genes and proteins of yeast and human 
S. P r a k a s h a n d L . P r a k a s h 303 
Recent biochemical studies of the Xeroderma pigmentosum group A 
complementing protein involved in nucleotide excision repair of D N A 
C . J Jones a n d R . D . W o o d 309 
Symposium: Human D N A repair diseases 
J . E . C l e a v e r , L . H . F M u l l e n d e r s , M . S t e f a n i n i , A . R . L e h m a n n a n d 
H . Takebe 315 
Isolation of A r a b i d o p s i s t h a l i a n a mutants hypersensitive to U V - B light 
or ionizing radiation 
G R . H a r l o w , M . E . J e n k i n s , C. D a v i e s a n d D . W M o u n t 319 
SOS-inducible recombination repair genes: Products of the r u v A , r u v B , 
and r u v C genes are Holliday junction specific enzymes 
H . S h i n a g a w a , H . I w a s a k i , M . T a k a h a g i , T. S h i b a a n d A . N a k a t a 323 
Regulation of D N A repair genes in Saccharomyces c e r e v i s i a e 
G . B . Sancar a n d J . Sebastian 329 
Two types of photoreactivation enzyme identified in D r o s o p h i l a 
m e l a n o g a s t e r 
T. T o d o , H . T a k e m o r i a n d H . Ryo 333 
xviii 
Biological role of (6-4) photoproducts and cyclobutane dimers 
D . L . M i t c h e l l , GR Pfeifer, J.-S. Taylor, M . Z . Z d z i e n i c k a a n d 
O. N i k a i d o ' 337 
Photoreactivation in human skin in situ 
B . M . S u t h e r l a n d , H . H a c h a m , R. W. G a n g e a n d J . C. S u t h e r l a n d 345 
Photoreactivation: Perspectives and dimensions 
B . M . S u t h e r l a n d a n d T O h n i s h i 347 
N e u r o s p o r a c r a s s a photolyase: Diversity in photoreactivation action 
spectra 
A . P M . Eker, H . Y a j i m a a n d A . Yasui 349 
Regulation of photorepair in fish cells 
H M i t a n i , S. Y a s u h i r a , T F u n a y a m a , M . K o n d o a n d A . S h i m a 351 
Functional analysis of E s c h e r i c h i a c o l i D N A photolyase 
K Y a m a m o t o , M . I h a r a a n d T O h n i s h i 353 
Primary structures of photolyases from microorganisms 
A . Yasui 355 
Understanding spectra of UV-induced mutations: Studies with 
individual photoproducts 
P G i b b s , M . Hörsfall, A . B o r d e n , B . J . K i l b e y a n d C. W. L a w r e n c e 357 
Molecular analysis of U V and E M S induced mutations in a human 
tumor cell line 
M . M e u t h a n d A . T a c h i b a n a 363 
Two u m u D C - \ \ k t Operons in S a l m o n e l l a t y p h i m u r i u m : Their roles in U V 
m utagenesis 
T N o h m i , M . Y a m a d a , M . W a t a n a b e , M . M a t s u i , S. Y M u r a y a m a a n d 
T S o f u n i 369 
Gene specific D N A repair and molecular mutation spectra 
A . A . v a n Zeeland, L . F . H . M u l l e n d e r s , M . Z . Z d z i e n i c k a a n d 
H Vrieling 375 
Symposium - Historical background of D N A repair 
CS. R u p e r t , R . B . Setlow, K . C S m i t h , J . E . C l e a v e r , S. K o n d o a n d 
J . J a g g e r 379 
Photoimmunology 
The role of Interleukin-10 in the induction of systemic 
immunosuppression following U V exposure 
S.E. U l l r i c h a n d J . M . Rivas 389 
Effects of ultraviolet radiation on granuloma formation 
H . O k a m o t o , K D a n n o , Z . - P G u o a n d S. I m a m u r a 395 
xix 
PHOTOMEDICINE 
Photocarcinogenesis 
Photocarcinogenesis: Past, present and future 
F. U r b a c h 403 
Sunlight exposure and melanoma - Is timing and character of exposure 
important? 
RR G a l l a g h e r 415 
Action spectrum for melanoma induction 
R. B . Setlow a n d E . Gr i s t 421 
Advances in photodermatology 
Boundary between U V A and U V B 
M . J . Peak a n d J . C. v a n der L e u n 425 
Human skin photoprotection and advances in sunscreens 
M . A . P a t h a k 429 
Changes of elastic fiber according to ageing process in human skin 
G H . O h 437 
Oxidative stress in cutaneous photoaging 
Y. M i y a c h i 443 
The pathogenesis of solar Urticaria 
T. H o r i o 447 
The porphyrias 
M . K o n d o , Y Yano, G. U r a t a a n d M . S h i r a t a k a 449 
Skin photosensitivity reactions in porphyrias 
M . A . P a t h a k 455 
Biological significance of photosensitized lipid peroxidation in 
drug-induced phototoxicity 
/. M a t s u o , M . O h k i d o , H . F u j i t a a n d M . Sasaki 461 
Recent advances in polymorphous light eruption 
E . Höhle 463 
Chronic actinic dermatitis 
Y F u n a s a k a , M . K o n d o h , A . I t o h , M . Ueda a n d M . I c h i h a s h i 469 
Drug-induced photosensitive skin diseases 
R. K a m i d e 475 
Protective effect of la,25-dihydroxyvitamin D 3 against U V B injury -
Possible role of the vitamin D 3-induced metallothionein 
K . H a n a d a , T. S u g a w a r a , Y. O h i s h i a n d I . H a s h i m o t o 479 
XX 
Photoprotection: Possible role of metallothionein against U V B injury 
K H a n a d a 483 
Topical P U V A for psoriasis 
S. K a w a r a a n d T H i r o n e 487 
Photosensitizers and photodynamic therapy 
Photo-chlorin (ATX-S10) as a new photosensitizer for P D T 
5. N a k a j i m a , I . S a k a t a , T T a k e m u r a a n d H . H a y a s h i 493 
Detection of bronchial dysplasia and Carcinoma i n - s i t u using laser 
induced fluorescence 
S. L a m , C. M a c A u l a y , J . C . L e r i c h e , J . H u n g a n d B . P a l c i c 497 
Optimizing the photodetection of early cancer 
G W a g n i e r e s , D . B r a i c h o t t e , P h . M o n n i e r , R. Bays, J . - M . C a l m e s , 
J . - C . G i v e l , S. F o l l i , A . P e l e g r i n , J . - P M a c h a n d H . v a n den B e r g h 499 
Modes of biodistribution of photosensitizing agents 
D . Kessel 501 
Mechanism of photodynamic therapy: Exploration by 
photophysicochemical study 
T. T a k e m u r a , S. N a k a j i m a a n d L Sakata 503 
Integral laser-photodynamic treatment of refractory multifocal bladder 
tumors with special reference to Carcinoma in situ 
K N a i t o a n d H . H i s a z u m i 507 
Photodynamic therapy and early response gene induction 
C.J. G o m e r , M . L u n a , S. W o n g , P Z i o l k o w s k i a n d A . F e r r a r i o 511 
SOLAR UV LIGHT AND ENVIRONMENT 
Environment and solar UV light 
U V - B Observation network in the Japan Meteorological Agency 
T i t o 515 
UV-exposure and ozone monitoring with a dual bandpass solar 
U V A - U V B meter in Stockholm since 1989 
U. Wester 519 
U V radiation in the tropics (1979-1989) 
M . I l y a s 523 
U V solar spectral irradiance in New Zealand 
R . L . M c K e n z i e 527 
xxi 
Biological and medical consequences of ozone depletion 
Biological consequences of stratospheric ozone depletion 
T.P. C o o h i l l 531 
Immunological effects of UV-B radiation 
M . L . K r i p k e a n d A . Jeevan 537 
Effects of elevated ultraviolet-B-radiation, temperature and C 0 2 on 
growth and function of sunflower and com seedlings 
M . T e v i n i a n d U. M a r k 541 
U V - B effects on phytoplankton 
D . - R H a d e r 547 
Effects of solar UV light on plants 
Harmful and beneficial effects of solar U V light on plant growth 
T. H a s h i m o t o , N . K o n d o a n d T. Tezuka 551 
UV-induced events at plant plasma membranes 
T . M . M u r p h y , Y.C Q i a n , C . K A u h a n d C V e r h o e v e n 555 
Solar U V and oxidative stress in algal-animal symbioses 
J . M . S h i c k 561 
Index of authors 565 
©1993 Elsevier Science Publishers B.V. All rights reserved. 
Frontiers of Photobiology. 
A. Shima et al., editors. 31 
Phycoerythrocyanin: A Photoreceptor Pigment With Two Faces 
K.-H. Zhao, Q. Hong, S. Siebzehnrübl, and H. Scheer 
Botanisches I n s t i t u t der Universität, Menzinger S t r . 67, D-8000 München 19, 
Germany. 
INTRODUCTION 
B i l i p r o t e i n s are the major l i g h t - h a r v e s t i n g antenna pigments of cyano-
b a c t e r i a , red and cryptophyte algae. Two of them, v i z . allophycocyanin 
(APC)*° and phycocyanin (PC) are c o n s t i t u t i v e i n cyanobacteria and red 
algae, and many species c o n t a i n i n a d d i t i o n e i t h e r p h y c o e r y t h r i n (PE) or 
phycoerythrocyanin (PEC) to improve the l i g h t - h a r v e s t i n g c a p a b i l i t i e s i n 
the green s p e c t r a l region. These p h y c o b i l i p r o t e i n s are organized together 
with l i n k e r Polypeptides (which may or may not c o n t a i n a d d i t i o n a l chromo-
phores) i n supramolecular s t r u c t u r e s , the phycobilisomes (PBS). L i g h t ener-
gy i s absorbed s t r o n g l y by them and t r a n s f e r r e d e f f i c i e n t l y to the photosyn-
t h e t i c r e a c t i o n center [1-4]. 
Besides being photosynthetic antenna pigments, b i l i p r o t e i n s can have 
rather d i f f e r e n t f u n c t i o n s . In higher p l a n t s and some algae, a b i l i p r o t e i n , 
phytochrome, i s an important sensory pigment which i s e s s e n t i a l f o r many 
l i g h t i n d u c e d developmental responses [ 5 ] . Although the t r a n s d u c t i o n chain 
i s s t i l l only poorly understood, the primary sequence of events has s i m i l a -
r i t i e s to those found i n the animal photoreeeptors, the rhodopsins. In 
cyanobacteria and red algae, a f r a c t i o n of the p h y c o b i l i p r o t e i n s , or a 
small pool of s t r u c t u r a l l y d i s t i n e t b i l i p r o t e i n s , has a l s o been i m p l i e d i n 
complementary chromatic adaptation and photomorphogenesis, although the 
r e l a t i o n s h i p i s s t i l l only c i r c u m s t a n t i a l and no such "adaptachrome" or 
"photomorphochrome" [6] has yet been i d e n t i f i e d [7-9]. 
The binding and conformation of the b i l i n chromophores of the antenna 
(APC, PC, PE, PEC) and sensory b i l i p r o t e i n s (phytochrome) are remarkably 
s i m i l a r . The chromophores are c o v a l e n t l y attached v i a t h i o e t h e r l i n k a g e s , 
and they are present i n a r i g i d and e n e r g e t i c a l l y unfavorable extended con-
formation [9-12]. Another common fea t u r e of both c l a s s e s i s that t h e i r 
e x c i t e d s t a t e s show g r e a t l y reduced i n t e r n a l conversion to the ground S t a t e 
[see 9]. However, t h e i r response t o l i g h t i s nonetheless r a t h e r d i f f e r e n t . 
The sensory pigment(s) are photochemically r e a c t i v e and show l i t t l e to no 
detectable fluorescence [5]. I s o l a t e d antenna b i l i p r o t e i n s have, by con-
t r a s t , a high fluorescence quantum y i e l d and correspondingly long l i f e t i m e s 
of the e x c i t e d s t a t e s [13,14], A minor photochemical response can be only 
*) Ab b r e v i a t i o n s : PBS - phycobilisome, PEC = phycoerythrocyanin, PC= phyco-
cyanin, M.= Mastigocladus, KPP = potassium phosphate b u f f e r , SDS-PAGE = 
sodium dodecylsulfate-Polyacrylamide g e l e l e c t r o p h o r e s i s 
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induced i n PC and APC by a v a r i e t y of m i l d l y denaturing c o n d i t i o n s which 
may " s o f t e n " the chromophore environment(s) [see 7]. While these p r o p e r t i e s 
can be r e a d i l y r a t i o n a l i z e d as being important to t h e i r d i f f e r e n t func-
t i o n s , the molecular basis f o r t h e i r d i s t i n c t i v e p r o p e r t i e s i s s t i l l un-
known. 
PEC [15] i s a remarkable exception to these r u l e s . When incorporated i n -
to the PBS, i t has the pr o p e r t i e s of an antenna pigment, whereas a f t e r i s o -
l a t i o n i t shovs a pronounced p h o t o r e v e r s i b l y photochromic response 
[7,8,15,16] s i m i l a r to that of phytochrome [17,18]. Furthermore, consider-
able v a r i a t i o n s i n the extent and d i f f e r e n c e s p e c t r a of the r e v e r s i b l e pho-
tochemistry were observed [7,16,17,19-21]. Even though the evidence f o r a 
sensory f u n c t i o n of PEC i s s t i l l i n d i r e c t [22], the pigment i s then u s e f u l 
to study tl » c - f a c t o r s responsible f o r the photochemical and photophysical 
p r o p e r t i e s of b i l i p r o t e i n chromophores. Here, a summary i s given on recent 
studies from our l a b o r a t o r y w i t h PEC from two cyanobacteria, v i z . Masti-
gocladus laminosus and Westiellopsis prolifica. 
DIFFERENT ISOLATES 
S i m i l a r to tht Füglistaller's report [23], chromatography of crude ex-
t r a c t from Mastigocladus laminosus on DEAE-cellulose y i e l d e d an e a r l y e l u -
t i n g PEC I and a second f r a c t i o n (PEC I I ) e l u t i n g at higher i o n i c 
strengths. Both had s i m i l a r absorption s p e c t r a and SDS-Page p a t t e r n s , but 
the extent of r e v e r s i b l e photochemistry (measured as AAA*0 [21]) was always 
d i s t i n c t l y lower f o r PEC I than f o r PEC I I . Chromatography of a crude ex-
t r a c t from Mastigocladus laminosus y i e l d e d PEC I and PEC I I i n a r a t i o of 
0.8 to 1. I f the same crude e x t r a c t was i n s t a n t l y f r o z e n w i t h l i q u i d n i t r o -
gen, kept f o r two months at -20°C, and chromatographed under s i m i l a r condi-
t i o n s , t h i s r a t i o increased to 3. E i t h e r , PEC I i s then d e r i v e d from PEC 
I I , or PEC I I i s more l a b i l e and degraded during storage. 
A s i m i l a r chromatography of an e x t r a c t from W e s t i e l l o p s i s p r o l i f i c a 
y i e l d e d a t h i r d f r a c t i o n which i s h a r d l y adsorbed on the column at a l l and 
was termed PEC(X) . I t lacked the long-wavelength Shoulder due to the two 
cyanin chromophores on the ß-subunit, i t showed the SDS-PAGE m o b i l i t y of a 
PEC a-subunit, and i t s a-terminal sequence was very s i m i l a r to that of the 
a-subunit of PEC from M. laminosus. I t i s then concluded that PEC(X) i s a 
f r e e a-subunit or a d e r i v a t i v e thereof. The i s o l a t i o n of a f r e e a-subunit 
*) AAA has been defined s i m i l a r as i n phytochrome research [21]: The sample 
i s i r r a d i a t e d s a t u r a t i n g l y at one e f f e c t i v e wavelength, g e n e r a l l y 500 
nm, and the absorption d i f f e r e n c e determined at the two maximum-response 
wavelengths ( g e n e r a l l y 500 and 570 nm). The sample i s then i r r a d i a t e d 
s a t u r a t i n g l y at a second e f f e c t i v e wavelength ( g e n e r a l l y 570 nm), and 
the d i f f e r e n c e absorption determined again. AAA i s the d i f f e r e n c e of 
these d i f f e r e n c e s , normalized to the 570 nm a b s o r p t i o n a f t e r a s a t u r a -
t i n g i r r a d i a t i o n at 500 nm. 
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i s not without precedence: In her attempt to i s o l a t e photochromic pigments 
from cyanobacteria, G. Björn [24] c h a r a c t e r i z e d a pigment termed phyco-
chrome b from several species, and i t i s most l i k e l y that t h i s pigment i s 
i d e n t i c a l to the PEC a-subunits. 
AGGREGATION STATE 
The aggregation S t a t e i s an important f a c t o r c o n t r o l i n g the extent of 
photochemistry. AAA-values (see above) are maximum f o r monomers (aß), they 
decrease upon aggregation to t r i m e r s and are cl o s e to zero f o r PEC i n the 
PBS [21]. As an increased r i g i d i t y i s l i k e l y upon aggregation, we see t h i s 
as an argument that photochemistry r e q u i r e s some f l e x i b i l i t y of the p r o t e i n 
environment of the chromophore(s). 
P o s s i b l y even more importantly, there i s a l s o an inverse e f f e c t of the 
photochemistry on the aggregation behavior of i s o l a t e d PEC. Whereas the 570 
nm absorbing form aggregates l i k e other p h y c o b i l i p r o t e i n s to t r i m e r s (aß) , 
aggregation i s impeded a f t e r conversion to the 500 nm absorbing forms. The 
a-84 p h y c o b i l i v i o l i n chromophore, which probably isomerizes from the 15Z 
(X ~ 570 nm) to the 15E-configuration (A ~ 500 nm), i s l o c a t e d on the 
contact surface between the monomeric (aß) components i n the torus-shaped 
t r i m e r , and may be in v o l v e d i n two inter-monomer hydrogen bonds [11]. This 
S i t u a t i o n i s again reminiscent of the S i t u a t i o n i n phytochrome. The i n t r a -
molecular d i s s o c i a t i o n of one domain from the chromophore domain, has been 
discussed as one event i n the s i g n a l transducing chain f o l l o w i n g the l i g h t -
induced 15Z-E i s o m e r i z a t i o n of the chromophore. 
REGULATION OF PHOTOCHEMICAL ACTIVITY 
For a long time, we have been puzzled by the poorly reproducible photo-
chemistry of d i f f e r e n t PEC prep a r a t i o n s . Kufer and Björn [16] published 
spectra f o r the a-subunit corresponding to AAA-values c l o s e to 70%, whereas 
even the most a c t i v e preparations i n our hands gave a AAA of only <20%. The 
r e s u l t s of a systematic i n v e s t i g a t i o n of environmental f a c t o r s other than 
aggregation on the photochemistry, can be summarized as f o l l o w s : 1) PEC I 
and PEC I I both showed v a r i a b l e photochemistry, but tha t of PEC I I was con-
s i s t e n t l y higher than that of PEC I. 2) A f t e r d i a l y s i s against i n c r e a s i n g 
concentrations of KPP b u f f e r , the photochemistry increased f i r s t (5 mM to 
500 mM), but decreased again at 1 M. 3) Both PEC f r a c t i o n s showed higher 
amplitudes of the photochemical reponse w i t h i n c r e a s i n g (7 to 9) and 
decreasing pH (7.0-5.0). 5) The photochemistry of PEC I I could be enhanced 
f u r t h e r by a d d i t i o n of KSCN to 1 M, which i s known to d i s s o c i a t e p h y c o b i l i -
p r o t e i n aggregates to monomers [25,26]. 6) The e f f e c t of i n c r e a s i n g pH i s 
s t i l l present i n the presence of KSCN, while that of low pH i s l e v e l e d . 
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A SECOND TYPE OF PHOTOCHEMISTRY 
Since the photochemically a c t i v e chromophore i s a-84, f u r t h e r studies 
concentrated on the a-subunit. Upon e l e c t r o f o c u s i n g under denaturating con-
d i t i o n s , both PEC I and PEC I I y i e l d e d two bands each w i t h the s p e c t r a l 
c h a r a c t e r i s t i c s of the a-subunit, which had p a i r w i s e the same i s o e l e c t r i c 
p oints. No s i g n i f i c a n t d i f f e r e n c e was found among the f o u r f r a c t i o n s on 
SDS-PAGE, but considerable d i f f e r e n c e s i n t h e i r AAA values. When i r r a d i a t e d 
a l t e r n a t i n g l y w i t h 577 and 600 nm, they a l l showed a d i f f e r e n t type of 
response c h a r a c t e r i s t i c of a l i n e broadening r a t h e r than a l i n e s h i f t ( d i f -
ference maxima at 504 and 594 nm, minimum at 565 nm). This r e v e r s i b l e 
response, which was termed type I I photochemistry, had been observed pre-
v i o u s l y [19] w i t h i n t e g r a l PEC, but could be s t u d i e d more c l e a r l y i n one of 
the four f r a c t i o n s i n which the type I photochemistry was almost l a c k i n g . 
The response of a l l a-subunit f r a c t i o n s to i o n i c s t r e n g t h was n e g l i g i b l e , 
and the response to pH s t r o n g l y decreased. This may i n d i c a t e again, that 
i n t e r a c t i o n s among the subunits i s an important f a c t o r . However, the d i f f e -
rences among the d i f f e r e n t f r a c t i o n s s t i l l remain p u z z l i n g . 
EFFECT OF SH-GROUP DIRECTED REAGENTS 
Reagents known to react w i t h SH-groups showed a remarkable e f f e c t on the 
photochemistry of subunits: The type I response of a l l four subunit f r a c -
t i o n s was increased to AAA > 70 % i n the presence 2-mercaptoethanol (5 mM) . 
I t remained h i g h even a f t e r 2-mercaptoethanol was d i a l y s e d out, but decrea-
sed again s l o w l y upon storage. The type I I response i s b a r e l y d i s c e r n i b l e 
under these c o n d i t i o n s . On the other hand, a d d i t i o n of p-chloro-mercury-
benzenesulfonate (PCMS) r e s u l t e d i n the inverse e f f e c t . Type I photo-
chemistry was s t r o n g l y decreased. That of type I I was c l e a r l y d i s c e r n i b l e , 
but i t i s not c l e a r i f i t increassed, or was only b u r i e d before under the 
intense type I-response. This modulation i s f u l l y r e v e r s i b l e . 
The r e v e r s i b i l i t y w i t h PCMS, and the p e r s i s t a n t h i g h photochemistry i f 
2-mercaptoethanol i s d i a l y z e d out of the sample, provide good evidence t h a t 
( m o d i f i c a t i o n of) SH-group(s) plays a dominating r o l e i n C o n t r o l l i n g the 
photochemistry. Besides the c y s t e i n which binds the a-84 chromophore and 
does not r e a c t w i t h PCMS, there are two f r e e c y s t e i n s (a-98 and a-99) i n 
the PEC a-subunit. They are l o c a t e d on h e l i x E [11] c l o s e to the loop con-
necting i t to h e l i x F, at a distance of >17 A from the nearest edge of the 
chromophores. A d i r e c t i n t e r a c t i o n i s u n l i k e l y over such a d i s t a n c e , but 
since the chromophore i s bound to h e l i x E and i n contact w i t h h e l i x F, an 
i n d i r e c t e f f e c t can be r a t i o n a l i z e d by which e.g. the m o b i l i t y of the chro-
mophore i s a f f e c t e d . 
I r r e s p e c t i v e of the d e t a i l s , the p o s s i b i l i t y to o b t a i n r e p r o d u c i b l y sub-
u n i t s w i t h a maximum photochemical response of type I by treatment w i t h 
2-mercaptoethanol, provides f o r the f i r s t time an access to Polypeptides 
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h i g h l y enriched i n e i t h e r the chromophore of the 570 or the 500 nm form.By 
the same token, the treatment of a-subunits w i t h PCMS provides samples i n 
which the type I I photochemistry maximum. I f one takes i n t o account that 
the two c y s t e i n s can be o x i d i z e d by a i r to a s i m i l a r form w i t h low type I 
and high type I I a c t i v i t y , t h i s would provide a ready explanation f o r the 
ra t h e r d i f f e r e n t photochemical S i g n a l s found p r e v i o u s l y f o r a-subunits. 
Scharnagl [27] has provided r e c e n t l y a model f o r b i l i p r o t e i n s , i n which 
the raicroenvironment of the chromophores i s very heterogeneous. P o s s i b l y , 
the line-broadening features of the type II-reponse, can be explained by a 
photochemically induced s h i f t of the pop u l a t i o n e q u i l i b r i u m of the a-84 
chromophore. Changes i n the o r i e n t a t i o n of nearby aromatic amino aci d s l i k e 
His-a90, may w e l l i n f l u e n c e r i n g D of the p h y c o b i l i v i o l i n chromophore i n PEC. 
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